Studies on the dynamics of exports traditionally use a macroeconomic approach, that explains the evolution of external sales on the base of macroeconomic variables such as world demand, gross internal product; terms of trade, real exchange rate, etc. An alternative approach analyze the determinants of exports from a microeconomic perspective. Under this last focus, exporting dynamics is related to the decisions of companies about entering the export business, how long to remain; to what countries to export; what kind of products to export, the relationship between the number of transactions and markets and the modes of transportation.
Given the importance of this microeconomic approach and the new insights it may yield on the determinants of Colombian exports, the Banco de la República decided to promote a research project with these characteristics. The project has brought together outstanding professors of national and international universities, as well as staff of the Banco de la República. The study uses microdata reported by the National Institute of Statistics (DANE) , that registers each one of export transactions of Colombian companies between 1996 and 2006.
The results of the project should provide valuable information for the design of the strategy for exports in the next few years. The documents will be widely disseminated by the Central Bank. In fact, in 2007 the Banco de la República published two articles in its monthly Magazine and in its Working Papers series. These articles analyzed the dynamics of firm's exports and its relationship with the total value of exports for the period 1996-2005. In this new publication the results on the relationship between patterns of transactions numbers and shipment modes for the period 1996-2005 are published. The results show great heterogeneity in the patterns of frequency and number of transactions across firms.
Introduction
Trade and production data indicate that there are substantial barriers to the movement of goods between countries. Most of what is purchased is produced at home or in nearby countries. Most firms sell only at home while even firms that export tend to limit themselves to one or two foreign destinations. Access to a large number of markets is nonetheless an important component for success for a firm, particularly one operating in a small, low-income economy.
Hence understanding the nature of trade barriers and how firms overcome them is becoming a central topic in international trade.
A limitation in understanding trade barriers is the aggregate nature of international trade data. Data are typically available that aggregate across individual producers and over time.
Data on the exports of individual firms is becoming increasingly available, and provides important evidence on why some firms export widely and others not at all. But to get to the heart of the nature of trade barriers requires looking at even a finer level of detail, the individual transactions that make up the trade data.
Data on exports at the transaction level are rarely available. Bernard et al. (2007) The number and frequency of export transactions by a firm, the contribution of the number of transactions to the total variability of exports, and how these patterns differ across destinations, can potentially shed light on the relative importance of costs to entering the exporting activity in general compared to the costs of each shipment.
To explore the nature of trade barriers at this level of detail we look at administrative records on all export transactions by Colombian firms between 1996 and 2005. Each transaction is recorded separately. A transaction record includes the firm's tax ID (which serves as a time-invariant identifier), the month and year of the transaction, the port of shipment, the mode of transport, a product code, the value of the transaction in US dollars, and the country of destination. Because we use the same data that are used for official statistics, the merchandise exports in our data set aggregate to within one percent of total merchandise exports reported by the Colombian Bureau of Statistics (Departamento Administrativo Nacional de Estadística or DANE).
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We examine the data from a number of dimensions. We begin with some basic statistics on the number and frequency of export transactions by a firm, overall and across individual markets (Section 2). We then decompose the variation in overall exports into the number of transactions and the size of the average transaction, both at the aggregate level and for individual firms (Section 3).Section 4 explores gravity equations, where the patterns of exports and numbers of transactions are related to the distance with respect to the destination; the analysis is carried out both at the aggregate and the firm level. Then we explore the relationship between patterns of transactions numbers and shipment modes (Section 5).
1 The deviation is due to mistakes in the records of tax identifiers. Since following firms over time is central to our analysis, our database includes only records of transactions in which the tax identifier has the appropriate format. Not satisfying this requirement is a clear indication that the firm is not correctly identified in the record.
Our results show great heterogeneity in the patterns of frequency and number of transactions across firms; the average firm sent about 75 shipments abroad in 2005, while the firm with largest number of transactions that same year dispatched more than 26,000 shipments.
Moreover, while close to 35% of firms in the sample report a single export transaction over the period, for most firms with multiple transactions the average span between two transactions is less than a month. Part of this heterogeneity is shown to be related to the distance with respect to the destination market: firms exporting to more distant destinations make less frequent shipments than firms exporting to markets that are closer. This suggests that there are fixed costs per shipment inducing declining marginal cost of higher shipment volume. These patterns imply that, at the aggregate level, transactions numbers are the primary source of variation in exports. The variability in the numbers of transactions also explains an important part of the well-known negative relationship between aggregate exports and distance to a specific destination. (Table 2 ).
Some Basic Statistics
The median number of transactions per firm is always in the single digits, while the mean and maximum are substantially higher and have increased markedly over time. Great heterogeneity is observed even when looking at export transactions to a given destination (Panel B of Table   2 ). A similar finding holds when differentiating sectors (Table 3) . Exporters in all sectors show wide variability in the number of export transactions they engage in. Heterogeneity is, however, more pronounced in manufacturing and agriculture. In the former, while the mean firm conducts 47 annual transactions, the median value is 4, and the maximum 8082. Table   3 also show large differences between sectors. Manufacturing is the largest exporter of goods, in terms of either value, number of firms, or number of transactions. Mining is the second largest exporter in terms of value, despite the fact that it has only a few exporting firms, in turn conducting only a few transactions per year.. Figure 1 shows the whole distribution of transactions over the period. As the large difference between the medians and means reported above would suggest, the distributions are highly skewed. The modal firm has a single transaction, and a small number of firms export very widely, with over 10,000 annual transactions in the last years of the sample. Moreover, the distribution has fanned out over the period. If a similar exercise is carried out by destination for the most popular markets, results (not reported) show that the increasing skewness over time is observed for a each of these markets. If transactions by sector are depicted, and consistent with Table 3 , highly skewed distributions are observed for all sectors: agriculture, mining, fishing, manufacturing (results not reported but available upon request). That is, a good bit of the variability in transaction frequency occurs within types of products. Panels B and C of Figure 2 compare the distance between any two consecutive transactions against the distance between the first and second transaction by a firm. Because we want to focus on the first transaction by a firm, but can only observe the first transaction over the period covered by our data, we restrict the sample to firms entering our sample from 1999 on (ensuring at least that there are no transactions by that firm in the previous three years).
Panel B shows the average number of months between two consecutive transactions for this sample, while Panel C shows the number of months between the first and second transaction.
Notice that the first and second transaction tend to be closer together than the average set of two consecutive transactions. In particular, more firms have their first and second transaction within the same months, compared to the number of firms who have any two transactions within the same month (9,142 vs. 8,387 firms, out of close to 19,000). It is also the case that most firms have their second transaction within a year of the first. However, close to 1,500
firms (approximately 8% of the total) take more than a year before re-exporting after their first exporting transaction. Figure 3 reports the distribution of firms with N transactions in an average month. Consistent with Figure 2 , most firms report more than two transactions in the average month. Note, however, that close to 70% of the multiple-transaction firms report less than five transactions in a month. Firms with more than 50 transactions per month are less than 1% of the sample.
Decomposing Exports: The Transactions Margin

Aggregate Exports and The Transactions Margin
How does variation in number and size of transactions translate into variation in exports across countries and over time? We can decompose total exports to a destination n in a year t, denoted X n (t), into the number of transactions M n (t) and the average size of a transaction x n (t). In logarithms:
A regression of ln M n (t) against ln X n (t) then tells us the extent to which variation in total exports is accounted for by variation in the number of transactions. To what extent does the growth in transactions reflect more firms as opposed to more transactions per firm? We can decompose the total number of transactions M n (t) to destination n in year t into the number of firms exporting N n (t) and the average number of transactions per firm, m n (t). In logarithms:
A regression of ln N n (t) against ln M n (t) then tells us the extent to which more transactions represent more exporters as opposed to more transactions per exporter. Figure 5 and Table 5 (Panel A) present results of this exercise. Running the regression over the entire period indicates that the elasticity of the number of firms exporting with respect to export transactions is .70. Hence, variation in participation accounts for the larger part of the variation in transactions. Nevertheless, transactions per firm contribute around 30 percent of the variation. The variation in participation also dominates when the exercise is carried out by sectors, although it is much more pronounced in manufacturing than other sectors. Again, introducing year fixed effects does not change this estimate of the elasticity (Panel B) .
Firm Exports and the Transactions Margin
We can do a similar exercise at the level of individual firms, with over 200,00 observations across firms, destinations, and years. We can take firm j's sales earnings in market n in year t, x n (j, t) and decompose it into number of transactions m n (j, t) and average revenue per transaction r n (j, t). In terms of logarithms:
We performed the following regression:
where λ n is a fixed effect for destination, μ j for firm j, and v t for year. Results are reported in Panel C of Table 4 .
The estimated value of β 1 , which represents the elasticity of transactions with respect to sales, is .47 (significant at the 1% level). This is substantially below the aggregate elasticity of .76 from above, but still substantial. The interpretation is that when a firm's sales vary in a market, controlling for the firm and destination, the variation is about equally divided between number of transactions and transaction size. There is variation in this pattern over sectors.
Manufacturing firms (which are most exporting firms) as well as firms exporting agricultural products display a behavior that is similar to the aggregate. Meanwhile, consistent with findings above, the transactions margin is dominated by the size margin for mining firms. On the contrary, the variability of exports in firms conducting fishing activities is overwhelmingly explained by the transactions margin, much more than in the case of firms in manufacturing.
Transactions, Firms, and Gravity
A well known feature of trade data is that bilateral trade declines systematically with distance, controlling for the sizes of the trade partners. A question we can ask of the transactions data is the extent to which this decline is the consequence of fewer as opposed to smaller transactions.
We examine this question by considering how total exports to a destination and the number of export transactions there vary with distance. Table 6 reports results from this exercise. The dependent variable (total exports, number of export transactions) is listed in the corresponding column heading. All regressions include controls for the log of total expenditure and the log of population in the destination country, although results for these variables are not reported to save space. The dependent variable is the log of exports in Table 6 .1., the log of number of transactions in Table 6 .2. and the log of number of exporting firms in Table 6 .3. From Panel A of Table 6 .1., a simple regression of ln X n (t) against ln D n (controlling for expenditure and population in destination), where D n is the distance from Colombia to destination n, indicates an elasticity of −2.6 (with a standard error of .07).
2 A regression of ln M n (t) against ln D n yields a similar, slightly higher estimate of 2.63 (Table 6 .2).The implication of these point estimates is that the decline of exports due to distance is entirely accounted for in the number of transactions. Distance must thus increase the cost of doing a transaction rather than the cost of sending a larger shipment.
In a related study based on U.S. exporter data, Bernard et al (2007) explore the effects of distance on the number of exporting firms, number of products per firm, and firm-specific 2 A stylized fact from the gravity literature is that the elasticity of export revenues with respect to distance in −1. Hence our estimate is on the high side.
sales per product. They find that although the number of products falls with distance, the value shipped per product rises. If the number of products a firm sells in a given destination is roughly proportional to the number of shipments it makes to that destination, this finding is closely related to ours.
We can also ask whether and how the number of firms varies with distance (Table 6. 3). A regression of ln N n (t) against the logarithm of distance yields a coefficient of −2.01, lower in magnitude than the coefficient emerging from total sales. Hence sales per firm also declines slightly with distance. Here too, our results parallel those of Bernard et al (2007) , who find that the elasticity of the number of U.S. exporting firms with respect to distance of the destination market is −1.14.
We also examine the relationship among export revenue, number of transactions, and number of firms in a two-step procedure, where our measures of exports, number of transactions and number of firms is invariant over time for each destination (Panel B of Table 6 ). We first regress ln X n (t), ln M n (t), and ln N n (t) against destination fixed effects. We then regress these fixed effects, which capture the time-invariant component of each measure, against distance.
The distance elasticities change slightly, but they retain the feature that the elasticities of exports and number of transactions with respect to distance are similar to each other, while the elasticity of the number of firms is lower. Distance has a weaker negative effect on the number of firms, so that sales per firm falls with distance.
A number of bilateral variables other than distance have been shown to affect trade flows.
Contiguity typically has a large positive effect on trade, as does having a common official language. The appendix lists several such variables. Panel C of Table 6 expands the gravity equations reported in Panel B to include controls for these variables. Including all of them in the estimation changes the point estimates of the elasticities of the dependent variables with respect to distance, but they all continue to be large and negative. Including these controls also generates a distance elasticity of the number of transactions that is lower than the distance elasticity of exports (-2.11 vs. -2.69). This estimation thus assigns some role for a decrease in the size of transactions in the reduction of exports with distance. It is still the case, however, that most of contraction of exports with distance is due to a decline in the number of transactions rather than a reduction in transaction size. We do not find significant effects on exports from Colombia's membership in different treaty agreements.
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Comparing different sectors we find that the gravity patterns described above for the aggregate also hold for manufacturing exports. Although exports in other sectors also show a reduction of exports with distance, mainly explained by a reduction in the number of transactions, decreases in the size of export transactions are relatively more important for these sectors, compared to manufacturing.
Transactions and Shipment Modes
Overall Patterns
The transactions data present some striking features. They are the primary source of variation in exports, both at the aggregate and at the firm level. Moreover, transactions have been rising rapidly, outpacing growth in the number of firms exporting and even total exports.
Do the trends in transactions reflect trends in the modes of transport that exporters use?
Our transactions data identify four transport modes: (1) sea and rivers, (2) surface, (3) air, and (4) multiple and other. The last account for only a miniscule share of total transactions or total value of transactions, so we focus on the other three. From these numbers we can conclude the following: (1) The average sea and river shipment is around three times more valuable than the average shipment not conditioning on shipment mode; and, (2) The value of the average air shipment has been rising relative to the average while the value of the average sea and river shipment has been falling relative to the average.
Not surprisingly the mode of shipment differs substantially depending on the specific destination. Table 8 and Table 9 show how the number of transactions and the value of those transactions, respectively, vary by shipment mode in different important destinations. The surface mode predominates in shipments to neighbors (Ecuador and Venezuela) but is hardly used at all elsewhere. In terms of numbers the breakdown between the United States and European Union is similar, both exhibiting the decline in air relative to water shipments. In terms of value, however, air occupies a much larger fraction of shipments to the United States than to the EU. The table also reveals that the size of shipments in minerals (exploitation of mines and quarries) are typically much bigger than for agricultural or mineral products. The average shipment in minerals was US$3.38 million at the beginning of the period, down to US$1.89 million at the end. For agriculture the average shipment size started at US$20 thousand ending at US$14 thousand. while in manufacturing it moved from US$ 33 thousand to US$ 17 thousand. Hence transaction size fell across the three major sectors.
Sectoral Patterns
Turning to some specific products (Table 11) , flowers rely exclusively on air and coffee and minerals on water (in terms of value). Textiles and especially Apparel use air to a surprising extent. Except for minerals, the average shipment size is remarkably similar across these commodities, between US$10 and US$30 thousand dollars. In all categories except coal and oil the average transactions size has fallen.
Conclusions
We have described basic patterns of exports revealed by export transactions data. Our data cover all such transactions by Colombian firms between 1996 and 2005. We find enormous heterogeneity in the patterns of frequency and number of transactions across firms; the average firm sent about 75 shipments abroad in 2005, while the firm with largest number of transactions that same year dispatched more than 26,000 shipments. Moreover, while close to 35% of firms in the sample report a single export transaction over the period, for most firms with multiple transactions the average span between two transactions is less than a month.
Part of this heterogeneity is shown to be related to the distance with respect to the destination market: firms exporting to more distant destinations make less frequent shipments, than firms exporting to markets that are closer. Transactions numbers are thus the primary source of variation in exports. The variability in the numbers of transactions also explains an important part of the well-known negative relationship between aggregate exports and distance to a specific destination.
Appendix
This appendix lists definitions and sources for a few measures being used in the estimation of gravity equations in Table 6 .
Distance
Dn is the distance between Colombia and market n. We take weighted averages of the distances between the largest cities of the two countries, inter-city distances being weighted by the share of the city in the overall country's population. Source: CEPII (Centre D'etudes Prospectives Et D'informations Internationales) http://www.cepii.org/distance/noticedist_en.pdf.
Contiguity dummy
1 if Colombia shares border with destination country (1 for Panama, Peru, Venezuela, Ecuador and Brazil), and 0 otherwise. 
